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In actual service it is seldom necessary to see a 

signal more than 3,000 feet (914.40 meters), but a light 
of barely sufficient intensity to be visible that distance 
would never be feasible for an important indication. 
Volume of light is essential as well as correct hue, and 
it does not require very dense fog or smoke to cut the 
range of even a standard red signal down from three 
miles (4.82 kilometers) to a few hundred feet. 

Time does not permit the writer to take up in detail 
, the theory of color as it affects the selection of these 

six standard colors, nor to discuss the methods fol
lowed in laboratory study of the problem. Suffice to 
say that by repeated melts of all available glasses, spec
troscopic analysis, photometric and service tests, the 
theoretical possibilities were narrowed down to six defi
uite tints. Numerous service tests were absolutely 
e�sential since atmospheric absorption and reflection, 
which cannot be effectively simulated in a laboratory, 
produce certain definite changes in the appearance of 
all signal lights. All colors seen at a distance are 
shifted more or less in hue toward the red end of the 
spectrum. This effect is, of course, most apparent in 
fog, haze, or smoke; at times it is strong enough to 
make a dull green out of a blue light, a yellow out of 
a "white light," a red out of a yellow light. 

A few remarks on each of the recognized signal colors 
may help to bring out some points of general interest. 

Red.-To normal vision red is beyond all question the 
most effective color for a danger signal. It is quite 
true, of course, that the eye is far more sensitive to 
light in the middle of the spectrum than toward either 
extreme, but of much greater importance is the fact 
that as the apparent size of the source diminishes red 
never ceases to look red. Its chromatic and achromatic 
threshold are always the same. This is not strictly 
true of any other color, although a good signal green 
approaches close to such a requirement. 

Red has the further advantage that the intensity of 
the light can be increased by, the addition of a consid
erable proportion of reddish orange light (620-590 .... ) 
without a pronounced change of hue because the eye is 
not very sensitive to change of wave-length in that 
region. On this account red has the longest range of 
all signal colors. That advantage, coupled with the 
fact that so long as it is visible at all, regardless of 
distance, intensity, or atmosphere, a red light is always 
and unmistakably red, makes it the ideal color for a 
danger indication when color blindness can be disre
garded. 

YeUow.-Yellow at best is not an ideal Signal color. 
Its chromatic threshold is much higher than its achro
matic threshold; or in other words, it can be seen as a 
light of indistinct color much farther than it can be 
definitely recognized. This difficulty is, of course, 
greatly increased by the circumstance that most of the 
ordinary sources of illumination are more or less yel
lowish in predominant hue and hence liable to cause 
confusion. The yellow signal may be mistaken for a 
"neighborhood light" close to the right of way. Some 
reaction time experiments conducted by the author 
twelve years ago demonstrated quite conclusively that 
yellow required a longer time for recognition than red 
or green, and that yellow and white were frequently 
mistaken for each other. 

The fact that atmospheriC absorption may make a 
yellow signal appear reddish at times is unfortunate, but 
never a serious objection so long as red, remains the 
danger indication. Experience on many railroads has 
proven during recent years that the red-yellow-green 
combination is distinctly preferable to the older combi
nation-red-green-"white" provided standard colors are 
used throughout. 

Green.-Green is the most effective signal color 
except red. It is usually somewhat below red in range, 
due in part to atmospheric absorption, but a bluish 
green (approximately 500 "'''') gives very good results. 
.Recently it has been found possible to increase the 
transmission of such a glass by 35 per cent over the 
present standard without any loss in distinctness of 
hue, and it is probable that this new modification will 
show results in range of visibility' nearly equal to the 
present standard red. 

Since red, yellow, and green are the three principal 
long range semaphore signal colors, it is important that 
all should have approximately the same intensity, so 
that no one color may overpower either of the others 
when displayed in more or less close proximity to it. 
But the sources of illumination generally used (oil or 
incandescent lamps) are far stronger in yellow light 
than in either red or green. This means, accordingly, 
that the transmission of the red and green glasses 
should be kept at a maximum, while the yellow can 
properly be somewhat reduced below the highest inten
sity possible to obtain. 

Blue.-Blue. and purple are short range indications 
because the proportion of blue and deep red contained 
in the light of the sources commonly employed is 
extremely smalL Both these colors must, ot necessity, 

transmit quite a proportion of bluish green light in 
order to secure even a moderate amount of percentage 
transmission and range. Blue light is so rapidly lost 
by atmospheric absorption and reflection that the color 
of the blue signal tends to become distinctly greenish 
with distance. On that account blue never gives a 
really effective indication and is now seldom used; 
having been largely supplanted by purple. 

Purple.-In a standard purple signal glass, the pro
portion of bluish green light transmitted is offset by red 
from the extreme end of the spectrum. The result is a 
color verging on magenta' and about equally distant on 
the color scale from both standard red and standard 
green. The chromatic aberration of the eye is strik· 
ingly apparent in viewing a purple lens at a distance 
of 100 feet (30.48 meters) or more. The light appears 
ordinarily as a purple spot with a halo of deep bluish 
light surrounding it. This effect is varied more or less 
by conditions of astigmatism, as is well known to 
ophthalmologists. Such a purple produces a signal indi
cation which for distinctness compares rather favorably 
with the other colors. Unfortunately its use is restricted 
by the fact before mentioned, that its total transmission 
and range of visibility is low. 

Lunar White.-While studying the problem of how to 
render the yellow signal more effective, the writer was 
led to the conclusion that a bluish white signal could 
be made useful as an additional indication and would, 
in some respects, be preferable to yellow. By means of 
a pale blue glass we are able to eliminate enough of 
the yellow in a kerosene flame or incandescent lamp to 
make the light appear almost white with a slight pre
ponderance of blue. This new possibility was called 
"lunar white," and has come into use as a clear indi
cation for switches on a number of roads. In actual 
service it has proven to be at least as distinctive a color 
as yellow and to possess longer chromatic range for 
most observers. 

The established system of railroad signal colors 
briefly mentioned above is based on the assumption of 
normal color vision. But when red is used as a warn
ing signal for the general public, the question naturally 
arises whether red-blind individuals are properly pro
tected. It is reasonable to assume that about 4 per 
cent of all the drivers of automobiles and other vehicles 
are color-blind. Before the importance of eliminating 
color-blind men from railroad service was appreCiated, 
it was morally certain that at times serious wrecks 
were caused by defective color sense. It is highly prob
able that at the present time some automobile accidents 
are 'due to the same cause, although definite evidence is 
very difficult to obtain. It is hardly to be expected that 
all automobile drivers could be compelled to pass a test 
for color vision. Neither is it fair to ignore the color
blind in establishing a standard warning indication for 
vehicle tail lights, highway obstructions, fire escapes, 
and similar purposes. 

Should not a serious effort be made to determine by 
actual tests with a large number of color-blind subjects 
whether the present red signals furnish sufficient pro
tection? It is reasonable to assume from what is 
known regarding the peculiarities of ' abnormal color 
vision that a red-blind individual will perceive the 
average red light as a yellow of some sort, and that the 
yellow in such case will be of low intensity. As the 
color exhibited tends toward orange, the hue is likely 
to become more distinct, and the intensity, of course, 
higher. A purple light probably appears blue. to the 
red-blind subject, and is at times confused with green 
lights on that accoullt. This is one of the frequent mis
takes made by color-blind persons undergoing test. But 
either an orange-red or purple light presumably is 
much easier for the red-blind or red-green-blind to rec
ognize than an ordinary red light. It would be a waste 
of time to speculate on this point, but a carefully con
ducted series of tests would soon bring some definite 
evidence to light. 

If either a reddish orange or a purple proves to be 
distinctly better for abnormal color sense, a standard 
shade could easily be determined which would be en-. 
tirely satisfactory for normal color vision. Incident
ally there might be some advantage in utilizing a hue 
which would be somewhat different from the standard 
red of railway service. It is the constant effort in sig
naling practice to reduce the number of red lights 
visible along the right of way to a minimum, so that 
red may indicate only two possible conditions to the 
engineer's eye; a "high-signal" set at danger or a "tail 
light" at the rear of a train. 

Parallel to the investigation respecting the perception 
of red lights by the color-blind, a study should be made 
of the best pigment color or colors to use for danger 
indications. It would seem desirable, in this connec
tion, that a standard danger symbol be developed and 
made international, just as in the marine service all 
over the world green signifies a starboard light and red 
a port light. Such a symbol should be simple, but as 

distinctive as a red cross flag. Theoretically, a circular 
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blue or orange band inclosing a red center would seem 
to fulfill all requirements. It would be more striking 
in appearance than any mere black and white sign and 
it would furnis� a colored indication to all types of 
color vision except the very rare cases of total color 
blindness. Practically no instances are, found where 
the color sense for both red and yellow or red and blue 
is lacking in the same subject. 

Such a symbol and such standardization of practice 
concerning lights for danger indications in public places 
or industrial plants might render some real service in 
the cause of "Safety First" and would certainly 
eliminate one possible cause of unnecessary accidents. 

Ben Franklin V,ndicated* 

THE decline in popularity of lightning rods, following 
the pernicious activity of rascally agents, left a stain on 
the scientific reputation 01' the great and wise Ben Frank
lin, who developed this protection against thunder bolts. 
Sc'ientist& have stoutly defended the value of such equip
ment, if well put up, but, nevertheless, practical men, 
ol'ten speaking from bitter experience, have maintained 
continuously for generations that the rods have proved 
worse than u&eless. 

Two valiant defenders of the faith, Profs. J. B. Rey
nolds and W. H. Day, of the Ontario Agricultural Col
lege, not contented with the inconclusive deadlock of 
theory and claimed fact, set out to find the truth-in 
practicable demonstrable form. For ten years, first one 
and then the other industriously collected all possible 
information about buildings reported struck by light
ning in Ontario. At the end of this time (1910), they had 
data on 599 buildings struck by lightning. Of this 
number struck, 317 or 53.6 per cent, were burned, but 
only 18 of the buildings struck, or 3 per cent, had rods 
and only three of these, or 16.6 per cent, of the protected 
buildings were burned. Having these interesting but 
incomplete figures, the investigators desired to know 
further the number and experience with unrodded build
ings in the province, so that they might complete their 
case-reasoning that if rods neither prevented nor in
duced strokes the ratio of damaged to undamaged struc
tures in the unprotected risks would be of the same 
order of magnitude as in the rodded. 

Great difficulty was found in securing the desired data. 
Eventually, however, the provincial mutual insurance 
companies were interested in the studies and reports 
covering about a fourth of the province were secured 
after some delay. These showed that 21 per cent of 
insured farm buildings were rodded and that of all those 
struck only 1 Y:i per cent were rodded. Of 7,000 un
protected buildings, 37 were struck; out of 7,000 protected 
ones only two were struck. Therefore, 35 were saved 
out of 37 expected to be struck, or a probable protection 
of 94.5 per cent and that with uninspected rod construc
tion. 

Prof. Day visited Iowa and Michigan to inspect the 
insurance reports and methods of protection there. In 
Iowa, he found that the total claims paid for lightning 
damage in eight years amounted to $4,464 on rodded 
buildings and $341,065 on unprotected ones. Appar
ently then, for each dollar paid on rodded risks $76 was 
paid on unrodded. The rods were not inspected and 
some of the losses probably were due to poor construc
tion. Even so, the protection shown was 98.7 per cent. 
In Michigan, one mutual company insuring only rodded 
and inspected buildings, in four years paid $32 claims on 
$55,172,075 risk. Another mutual company taking both 
protected and ordinary risks paid $32,269 in claims on a 
total of $59,567,272 in the same period. The loss was 
practically all on unprotected buildings aggregating 
$45,753,818 in value of risks. Comparing the .two com
panies, for each $1 damage on protected buildings there 
seemed to be paid $1,168 on unprotected ones-an ob
vious protection of 99.9 per cent. All this and more is 
set forth at length in a recent bulletin of the Ontario 
Department of Agriculture. 

Regarding the technique of the rod construction so 
successfully employed in these states, it is of interest to 
know that, where knowledge was available, there ap
peared to have been used more or less of an approach 
to a cage of conductors about the building. The rods 
were fastened both close to and away from buildings 
but without insulators. Deeply buried ground plates 
and rods were found and where these groundings proved 
defective there invariably developed disaster. 

The worthlessness of the old lightning rods, of course, 
was the fault of the loquacious fly-by-night agent who 
carelessly put up his cheap I1fiairs, gathered his money 
and disappeared, leaving disaster and ruin for many a 
farmer on the approach of the first heavy electrical 
storm. A deliberate campaign to discredit the great 
American philosopher and patriot could not have worked 
as well. It is a source of much satisfaction to see definite 
figures which substantiate the soundness of his scientific 
knowledge as well as that of a long line of later physicists. 

.From the Engin«ring NtI1JIs. 
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The N ew York Fire Alarm System 
A History of the Past and Plans for the Future 

By Putnam A. Bates, Electrical Engineer, Chief of Bureau of Fire Alarm Telegraph of the City of New York 

THE movement for an improved fire alarm system 
for the City of New York which the present administra
tion has taken in hand, was started in December, 1904. 
when the insurance companies urged that a committee 
be appointed to investigate the situation and make a 
report of its findings. 

In 1905, the New York Board of Fire Underwriters 
made a six months study of the problem and rendered 
a report con deming the present system as beyond repair. 
This investigation was limited to conditions on the island 
of Manhattan. 

The following year the city itself took hold and in 
March, 1907, preliminary plans and specifications were 
prepared for a modern fire alarm system for the island of 
Manhattan,. but there was no attempt to engage in the 
work of reconstruction until about four years later. 
Small appropriations were set aside for this much needed 
improvement as early as 1903, but these funds were 
largely diverted to keeping the old system in operation, 
and in the ten years which followed the money set aside 
for installing a new fire alarm system in all boroughs 
has aggregated the substantial sum of $1,609,000. That 
progress toward reconstruction has not been accom
plished is a matter refiecting little credit, being born of no 
definite plan of procedure. 

The preliminary plans required the building of the 
new system before the abandonment of the old. This 
course should have been followed, but unfortunately 
it was not, and the new contracts that have been entered 
into aggregate too small an amount for economic han
dling, and constitute patch work at high rate of cost. 

I see no valid reason why the practical installation 
of a fire alarm system for a large city should follow a 
different course than that usual in important engineering 
operations of other character. There is a certain economic 
relation that must be maintained between the supervis
ing staff, or overhead cost, and the scope of the work 
itself. Proper efficiency cannot result where this fact 
is disregarded, and my efforts during the past six months 
have been devoted largely to accelerating the work of 
bringing outstanding contracts to a close and to raising 
the standard of the bureau staff to a point where greater 
work can be handled with increasing ease. 

The agreement by the city with the Empire City 
Subway Gompany in 1891 makes it mandatory upon 
that company to provide the city with such ducts as 
may be needed for the fire alarm wires in all streets and 
avenues where subways exist, or where there may be 
a demand for subways; thus the city will be able to in
stall the modern fire alarm system without constructing 
subways, which offers an advantage in time as well as 
in cost. The saving will extend in like manner to the 
Bronx, Brooklyn, Queens and throughout the built 
up portions of Richmond, as it is proposed to pursue the 
same general plan in all boroughs. 

In taking up this problem, my first inclination was to 
learn the disposition made of outstanding appropria
tions, and the extent of .new work that had been under-

taken, which I found to consist of the following: A 
new central station building for each of the three larger 
boroughs, Manhattan, Brooklyn and the Bronx; under
ground service cables for connection to 138 street boxes 
in Manhattan; similar underground installation con-

This old fire department bell tower, still standing on 
a high point in Mt. Morris Park, Borough of Man
hattan, is the last of twelve look-out stations located 
at places of advantage, such as the cupola of City 

Hall, and the public markets. 

This method of sending alarms of fire New York city de

pended upon until 1870, when the system now in use was 

installed. 

necting 199 boxes in Brooklyn; an important under
ground feeder line reaching to southwest Brooklyn; 
bridge cable connecting Brooklyn with Manhattan; un
derground service cables for connection to 119 boxes 
in the Bronx; a similar underground installation con
necting 8 street boxes ill Queens; a supply of 2,000 alarm 
post bases; a supply of 300 cast iron manhole frameE, and 
concentrating subways leading to the new Manhattan 
Central Office building and the similar building in the 
Bronx respectively. 

These contracts aggregate about one-third of the total 
appropriations made thus far, and all of them were in an 
unfinished state with the exception of smaller items, 

After the snow storms of March 1st and 2nd, 1914, mile after mile of wire and hundreds of poles lay 
upon the streets of the outlying boroughs. 

The conditions were at their worst in the Bronx, Brooklyn, and Richmond where electric light, telephone, telegraph and 
fire alarm wires were tangled together in a hopeless mass. With the present "overhead" fire alarm plant, New York e1t1 
II m 4ani&r oJ: aerioUi coD1!airatlon 11101114 a Or. �reN 011' at a t1lDe wile� �be tele�apb clrcqltl are 1Doperatlve. 
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representing a total of about 5 per cent. The unencum
bered balances were about equal to the aggregate of the 
contracts placed, leaving a remainder of about one-third 
of the total appropriations diverted to other uses, prin
cipally that of maintaining the old system. 

Before describing the present day conditions and plans 
I will refer to the early history of fire alarm telegraphy 
in New York City, from the beginning in the year 1865. 

At that time the fire alarm plant consisted of twelve 
bell towers, or look-out stations, located at points of 
advantage, and the mode of operation was to watch for 
smoke or other indications of fire with a' telescope and 
to signal by means of the Morse telegraph, directly to 
the central office. The signal was then communicated· 
to the department by striking the bells at the twelve 
bell towers. 

The central office at the City Hall was the terminus 
of four lines of wire connecting the Post Office, Essex 
Market, Union Market, MacDougal, Jefferson and 51st 
Street towers. In each of these stations was a main 
circuit magnet and bell, and a circuit breaking key. 
The signals indicating the districts in which the fire 
was located were sounded on these bells, with the numeri
cal designation of the station giving the alarm. 

The city was divided in eight districts, the first two 
being that part of the city above a line drawn through 
22nd Street. In these districts the signals were struck 
on the fire bells by the bell r�ngers in the towers, and 
were the only guide the firemen had in locating a fire. 

From the central office eleven lines radiated connect
ing the engine, hose and hook and ladder company 
houses below 14th Street, which , with the instruments 
placed in these houses, was known as the Robinson tele
graph. 

This primitive system was soon found inadequate, and 
in 1870 a complete new installation was made at a cost 
of $450,000, and including about 578 street alarm sta
tions. The records of the department show that few 
difficulties were experienced for a period of ten years, 
in fact many decided improvements in its working were 
effected, and this installation is the basis of the present 
day fire alarm telegraph plant in the Borough of Man
hattan. 

We thus come to the year of 1881, and it is interest
ing to turn to the records following the storms of that 
year. The description of the damage to the fire alarm 
system that winter so closely resembles the conditions 
reported in March last, that I quote the exact phrase
ology as I find it in the year book of that time, as follows: 
"An extraordinary sleet storm occurred on January 31st 
rendering the fire alarm telegraph so nearly inoperative 
that at one time there were but six of the 578 street 
alarm boxes in co=unication with the central office, 
at headquarters, in consequence of the prostration of 
the wires. Since it became apparent that the telegraph 
would be endangered, street patrols were established 
in each company district for the discovery of fires; the 
communication of alarms to the companies required 
each response by mounted details; the discontinuance 
of all leaves of absence; ringing of the tower bells for 
fires and details of men from the upper to the lower 
part of the city." 

This serious situation was followed by the passing 
of resolutions and much public comment, but history 
repeats itself and the public soon quiets down after a 
critical momeI).t is past. It therefore is not surprising 
to find that the storms of 1888 and again of 1914 com� 
pletely demolished the fire telegraph system not in Man
hattan alone but in Brooklyn, Queens, the Bronx and 
Richmond. 

It is a matter of experience that whenever serious 
trouble occurs, affeoting many of the line wires, the alarm 
load goes up correspondingly. The fact makes the 
reliability of the alarm system doubly essential as it is 
during high winds, sleet and snow storms, or other 
circumstances likely to threaten conflagration tha. effi
cient operation is most needed. 

Through sheer good fortune New York City has passed 
through three sensational moments when it would seem 
that only the protection of a highor power has saved 
it from great disaster. 

In a large city like New York the operation of the 
fire alarm is accomplished manually. Many attempts 
have been made in the past to devise means whereby 
the full operation might be performed automatically, 
but so far none has been evolved which is feasible and 
safe for a large city. In the present installation there are 
two distinct classes of circuits: box circuits and engine 
house circuits. All street fire alarm boxes in the Greater 
City are opera.ted o� ulllosed oirouit." ip o�!wr words, 


	scientificamerican11281914-347supp_Page_1
	scientificamerican11281914-347supp_Page_2

